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FOREWORD
SYSTEM REQUIREMENTS ANALYSIS

The system requirements analysis (SRA) contained herein was
accomplished to the extent possible within the limited time available and
scope of the study program, Contract No. NAS8-28430. The SRA includes
data taken from the study program work statement Space Shuttle definition

and inputs and documents provided TCC by the vehicle study contractors.

Where the methods and procedures of AFSCM 375-5 enabled the system
engineering to be conducted with additional clarity, completeness, and/or
expedience they were adopted. These forms and their format may be changed
at a later date to agree with any NASA imposed system requirements analysis

documentation and procedures. The system definition includes:

1. System analysis has been developed to define physical and
functional requirements for the subsystems and systems. Many
blank spaces exist in the analysis and as the data become available
these can be completed. These blank spaces pinpoint areas for

further trade studies and system definition,

2, Operations analysis has been performed to identify the require-
ments of the various launch operations, mission operations, ground
operations, and logistic and flight support concepts. The analysis

provides a basis for the estimated site manpower and GSE requirements.



The operational flow shown will later be substantiated and may be
changed to reflect the results of trade-off studies to determine the most
economical and logistically sound flow sequence. These studies cannot be
conducted until definite decisions have been reached concerning the configura-
tion of the SRM Stage hardware, fabrication locations for each item of hard-

ware and costs of shipping from these locations.

Consideration has been made to alternate flows of components and
assembly techniques. Only those flows appearing to be most practical with
the information available have been perused in depth. Changes in philosophy,
hardware, assembly sequence and location, etc., can be made with a minimum
effort as decisions are made. Operational GSE definition, facilities require-
ments and technical manual requirements have also evolved from the analysis.
Recovery technique and requirements are identified and form the basis for the

GSE, facilities and manpower required for recovery.

3, Maintenance engineering analysis will be added to the SRA
data as this analysis evolves., From these data will come the maintenance
concepts associated with each reparable item, spares provisioning require-
ment s, maintenance manuals, personnel requirements, facility requirements,
training equipment requirements, and special tools and equipment required for
maintenance. Forms and data will be in accordance with NASA imposed

requirements.
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Perform
Flight

Mission

Definition

The definition of the flight mission, so
far as the SRM Stage is concerned, is as
follows:

Start of mission occurs upon separation
of the ground umbilical from the Space
Shuttle System and ends with SRM Stage
splasdown.

Flight Characteristics

Consideration shail be made of the SRM
Stages capability to provide stability and
control and withstand the flight environ-
ments, loads and flight performance
characteristics through and flight dura-
tion defined above.

Electrical System

The electrical system wiring and cabling
installation shall achieve, as nearly as
practical, point-to-point wiring system
with a minimum number of electrical
connectors and connections, Electrical
wiring shall be identified and marked in
accordance with

The electrical system for the SRM Stage
shall provide for performance of the
following functions when the applicable
systems form a part of the SRM Stage:
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1.

. Distribute and control signals from the

. Provide for enabling and disabling of

. Provide airborne instrumentation con-

. Distribute and isolate the redundant

. Provide switching capability for power

Condition steering commands received
from the orbiter and apply commands
to the TVC system.

Supply and distribute airborne electri-
cal power, with the exception that the
orbiter will supply staging - motor
squib power, command - destruct squib
power, igniter squib power, TT squib
power and steering command signals.

Distribute ground power supplied from
ground equipment.

orbiter to the destruct ordnance, TT
ordnance, staging rocket ignition
ordnance and steering command
signals,

the inadvertent separation destruct
system

ditioned to the proper voltage level at
the SRM/Space Shuttle electrical
interface.

ignition current and provide current -
limiting for all ordnance circuits.

transfer from ground to airborne
power.
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Flight
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9. Provide and distribute regulated
instrumentation excitation power.

10, Provide stray voltage detection for the
destruct and igniter ordnance.

11. Provide recovery system deployment
power.

Instrumentation

The SRM Stage instrumentation shall pro-
vide instrumentation signal outputs to
verify and evaluate events and conditions
prior to and during flight in accordance
with the applicable CEI design specifica~
tion.

1. Flight Instrumentation

The SRM Stage flight instrumentation
system shall provide 12
channels of data conditioned to a
0 to 40
mullivolt direct current output to
the Space Shuttle.

No flight instrumentation
failure shall cause a failure of the
flight vehicle.
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2. Accuracy

The instrumentation system shall
have an end-to-end demonstrated
accuracy of

sigmal).
be 5,000 chms
maximum or 1,000 ohms
maximum shunted by 0. 1 microfarad
capacitance,.

3-
The output impedance shall

Reliability

The SRM Stage shall meet the quantitative
requirements TBD.

Environment

The SRM Stage shall suffer no degradation
of performance during and after exposure
to the following environments:

1. Acoustic Noise

The SRM Stage shall be exposed to
maximum acoustic excitation at liftoff,
in the transonic region and the region
of maximum dynamic pressure. The
sound field will be random over a
broad spectrum. provides
the maximum expected acoustic noise
environment external to the vehicle
surface.
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Component acoustic levels will be a
function of these exterior levels and
the characteristics of the structure
and the compartment cavity.

2. Vibration

The SRM Stage will be exposed to
complex vibrations due to the SRM
burning, launch noise energy, aero-
dynamic boundary layer noise energy,
etc. Maximum SRM vibrations will
occur either during liftoff, through
transonic region, or during maximum
dynamic pressure. provides
the maximum expected random vibra-
tion environment for various vehicle
compartments and component instal-
lation.

3. Shocks

The BRM Stage will'be exposed to
shocks resulting from SRM ignition,
SRM burnout/tailoff, Space Shuttle
ignition, SRM - Space Shuttle separa-
tion and gusts. provides
the shock environments expected for
various vehicle compartments. See
Table and Figure

for the shock requirement definition.
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1.0 4, Acceleration

Periform The SRM Stage maximum forward
Flight acceleration shall be 3.0
Mission g's, and the maximum lateral
sustained acceleration shall be

with superimposed
vibration.

5. Altitude
The vehicle shall be capable of
launch at sea level to 2,500 feet
and capable of captive operation

from sea level to 6,000 feet,

A, Temperature

The vehicle shall be designed to
withstand the temperature
conditions imposed during the
SRM flight phase,

specifies the requirements for
this environment,

7. QOverpressure

The vehicle shall be capable of
withstanding a peak overpressure
of psi with the
payload in place and with all
propellant tanks empty or fueled
and pressurized or unpressurized.
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1.0 8. Electromagnetic Interference
Perform The vehicle shall meet the EMI
Flight requirements of TBD. .
Mission Vehicle hardware shall have been
qualified to the EMI test !
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|
9. Weight and Center of Gravity
The weight and center of gravity of
the SRM hardware items shall
conform to the requirements of
G, Safety
- 1
1. Safety shall not be sacrificed for
weight improvements,
2, The design of the vehicle
structure shall reflect the factors
of safety specified in Function
1.6.2.
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REQUIREMENTS

Provide SRM
Thrust

"Provide SRM Thrust' begins immediately
following the ignition of the SRM's and ends
upon sensing thrust decay to TBD

pounds force or less required for
separation,

A,

Functional Characteristics

The SRM's shall conform to the following
limiting functional characteristics from
sea level to 200,000 feet for
propellant mean bulk temperatures of

40 degrees to 90 degrees F, All
performance characteristics are
specified relative to the nozzle
centerline,

1. Ignition Transient

The SRM ignition delay times shall
be TBD to TBD
milliseconds for propellant
conditioning temperatures of 40
degrees to 90 degrees F, inclusive.
The motor pressure transient at
ignition from 50 to 100 percent of
maximum chamber pressure shall
be such that the differential
chamber pressure between any two
motors simultaneously ignited shall
not exceed TBD percent

of the maximum chamber pressure.
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1.1

Provide SRM
Thrust

Figures TBD through

TBD , inclusive, present
plots of head end chamber pressure
versus time and thrust versus
time for 0.5 second after
application of "Fire Signal" for
motor mean bulk temperatures of
40 degrees, 60 degrees, 80
degrees and 90 degrees F,
including the 3 - sigma variance
for each.

Vacuum Performance

The SRM's nominal performance
at vacuum conditions along the
nozzle centerline and at a
conditioned temperature of 70
degrees F shall be as listed in
Table JB-3 , herein, and
consistent with motor
specification graphs in Figure

TBD . Figures

TBD through TBD

inclusive, and Table TBD
present, respectively, plots and
tabulations of SRM's at vacuum
conditions,
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1.1

Provide SRM
Thrust

" Maximum Expected Operating

Thrust versus time, head end
pressure versus time, aft end
pressure versus time, will be.
plotted as families of curves for
motor mean bulk temperatures of
40 degrees, 60 degrees, 80
degrees and 90 degrees F, including
the 3 - sigma variations for each,

Sea Level Performance

The SRM's performance at sea
level conditions is presented in
Table TBD , for motor
mean bulk temperatures of 40
degrees, 60 degrees, 80 degrees
and 90 degrees F, including
nominal values at each temperature
and 3 - sigma variance for each.
Data  will include web

action time, action time, total
impulse, action time total impulse,
delivered specific impulse initial
thrust and ignition delay.

Pressure

Chamber Pressure: The maximum
expected operating chamber pressure
({MEOP) is 1000 psi.
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1.1

Provide SRM
Thrust
(Continued)

5. Thrust Differential

The maximum thrust differential
between any two motors with a 3 degree

F

temperature difference, shall not

exceed TBD pounds during tailoff.

6. Nozzle Expansion Ratio

The nozzle expansion ratio at ignition
shall be 10:1

SRM's must be capable of satisfying the
following performance requirements
during burnout (i, e., tailoff),

1. Tailoff Characteristics

a.

The maximum thrust differential
between any two motors with a

F mean bulk temperature difference
shall not exceed TBD

pounds during tailoff.

The nominal tailoff requirements for
individual SRM's are TBD seconds,
respectively, for both vacuum and
sea level conditions for SRM's con-
ditioned at 40 degrees, 60 degrees,
80 degrees and 90 degrees F, for
MEOP of 1000

psia.
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1.1 The limiting values of
failoff times shall conform
Provide SRM to these nominal times as
Thrust modified by the 3 - sigma
variance percentages of
0.77 and
0. 80 percents,
respectively, for web action
time and action time.
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1.2 Burnout begins upon sensing j
that the SRM's have completed burn and ends
Provide with a signal being received at the Orbiter
Simultaneous indicating this condition has been achieved.
Burnout of
Stage SRM's A. A means is required to determine SRM SRM Pressure
burnout, This will be defined as thrust Transducers
decay to less than TBD pounds
force which occurs at approximately
T+ 135 seconds.
B, A rei;uirement exists to condition the SRM Pressure
motor burnout signal for transmission, Transducers
Signal shall be TBD volts
TBD amps.
C. A requirement exists to transmit the SRM Cabling
motor burnout signal from the sensing
device to the SRM/Space Shuttle
interface.
Thiokol/. |
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1.3 Disable all unneeded ordnance begins after
Disable All signal is received at the orbiter that the SRM's
Unneeded have completed their burn and ends upon
Ordnance receipt of ordnance disabled signal at the
orbiter.
A. The ISDS,TT system and TVC unused Destruct System
ordnance must be capable of being dis- TT System
abled prior to initiation of SRM separa- TVC System
tion apon receipt of command signal !
from the orbiter consisting of 28 + 3 i
volts, 3 amps for a period of
2 to 5 seconds. !
B. A means is required to transmit the com- SRM Cabling
mand signal from the SRM Space Shuttle i
interface to the ISDS, TT system and
TVC system. )
C. The ordnance disabled signal shall be SRM ISDS
conditioned to 28 + 3 vds, 3 amps., System
D. The ordnance disabled signal shall be SRM Cabling
transmitted to the SRM Space Shuttle
interface.
)
I
i
!
| .
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1.4 Provide SRM Steering and Control begins after
Provide SRM SRM ignition and continues until SRM burnout.
Steering &
Control A. There is a requirement to provide steerin SRM Stage
and control of the missile, The SRM's,
with °of thrust misalignment, require
no TVC, If ® cannot be met, then TVC
is required for the SRM's

Alternate #1 - TVC Required

A requirement exists to provide a TVC gystem
which has the means of providing pitch, yaw
and roll control, as required, as directed by
the orbiter flight control system,

1. Side Force Requirements. A minimum
side force to motor axial thrust ratio
of TBD percent shall be a capability of
the TVC system throughout the action
time, with motor operating up to an
altitude of TBD feet. This side
force is to be obtainable from any one
quadrant, independently of side force
developed in any other quadrant.

2. Thrust Vector . The line of action of
thrust vector under full thrust conditionf
and zero degrees thrust vector control
deflection shall be within TBD
(half angle) cone symmetrical about a
line coincident with, or parallel to the i
line joining the center of the exit plan i
of the nozzle to the center of the throat.
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Provide SRM
Steering &
Control 4.

3. Required Duty Cycle.
duty cycle shall be TBD

The required

Environment., TVC system shall suf-
fer no degradation of performance
during and after exposure to the follow-
ing environments: TBD

5. Weights and Center of Gravity. The
weight and center of gravity of the TVC
system hardware shall conform to the
requirements of TBD

Alternate #2 - No TVC

A requirement exists to provide the proper

orientation of the SRM thrust line relative to

the Space Shuttle longitudinal centerline. The

SRM pitch plane is defined as that plane pas-

sing through the centerline of SRM and LOX/
tank of the Space Shuttle.

1. Pitch Plane Requirements:

a. Nozzle to be canted outboard at a
TBD + 1/4 degree angle rela-~
tive to the SRM longitudinal center-
line.

2, Yaw Plane Requirements:
a. Nozzle to be at a zero + 1/4 degree

angle relative to SRM ﬁ')ngitudinal
centerline.
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1.5

SRM
Withstand
Loads and
Environments

"SRM Withstand Loads and Environments'"
starts upon ignition of the Space Shuttle
engines and ends upon splashdown of SRM
hardware.

A,

The SRM's shall withstand the
combinations of environment conditions
and loads; such as, thrust and
aerodynamic forces which it experiences,
in a manner which maintains structural
integrity.

Load Safety Factors ~ The structure
shall have load safety factors that
satisfy reliability apportionment but are
consistent with requirements of weight,
ground hazards to personnel and man
rating requirements. Safety shall not be
sacrificed for weight improvements.,

Consideration in the design of the
SRM's and components include:

1. Thrust: Structural requirements
primarily result from thrust loads
and variations which occur
throughout powered flight, Local
buckling under compressive and
bending loads is an example of a
possible result of thrust.

See fiinction- 1.1, "Provide SRM
Thrust. "

SRM Stage
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